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Pisation as energy flux

Evapotranspiration is a large flux of energy!
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Vegetation - CO, interactions

Europe transformed in carbon source in summer 2003 (heatwave/drought)
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(Ciais et al., Nature, 2005)
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Global Land-Atmosphere Coupling Experiment (GLACE)
12 AGCMs, experiments for JJA 1994
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SW| d I f hlgy h

Where is 50|I m0|sture controlllng temperature’?

Global Land-Atmosphere Coupling Experiment (GLACE)
12 AGCMs, experiments for JJA 1994
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Strong coupling in transitional zones between dry and wet climates
NB: similar regions of strong soil moisture-precipitation and soil moisture-precipitation coupling
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FWith.IPCC AR4 GCMs

Indirect measure of coupling between soil moisture & Te:

Correlation between summer evapotranspiration and
temperature

Negative correlation: strong soil moisture-
temperature coupling (high temperature as
result of low/no evapotranspiration)

o

[

Positive correlation: low soil moisture-
temperature coupling (high temperature
leads to high evapotranspiration)

I

LI |
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ySis=Correlation (T, ET)

Impact of soil moisture on interannual variability of temperature
(IPCC simulations: ECHAM5, GFDL, HadGEM1; JJA 1970-1989)

Correlation (temperature, evapotranspiration)
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(Seneviratne et al. 2006, Nature)

Similar regions of strong coupling; more general signal (e.g. includes
Mediterranean region in Europe) — based on 20 years of data
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Why strong coupling in transitional regions?

« Wet climate: Soil moisture has little impact on evapotranspiration/climate
 Dry climate: Evapotranspiration and variations thereof are small
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(Koster et al., 2004, Science) (Guo et al. JHM 2006)
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(Seneviratne and Stockli, Adv. Glob. Change Res., 2008)
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More frequent heatwaves
In the future in Europe?

What is the role of land-
atmosphere coupling?

Doubs River, Switzerland, Summer S copt s i
Land Surface Temperature difference [K]

2003 (859 e .
5 10

-10 -5 0

Temperature anomaly, Summer 2003 vs 2000, 2001, 2002, and
2004 (NASA Earth Observatory, Stockli et al. 2004)
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Changes in interannual variability of summer temperature
(Standard deviation of the summer (JJA) temperature)

Gridpoint near Zurich
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(Seneviratne et al. 2006, Nature) (Schar et al. 2004, Nature)
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Changes in interannual variability of summer temperature
(Standard deviation of the summer (JJA) temperature)

Large decrease of T°
variability when effect
of soil moisture is
removed

(Seneviratne et al. 2006, Nature)
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Seasonal Cycle of Soil Moisture no limitation
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Seasonal Cycle of Soil Moisture no limitation
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Shift of “hot spots” of soil moisture-temperature coupling
(correlation between temperature and evapotranspiration, CHRM & 3 IPCC models)

CTL time period (1970-1989) SCEN time period (2080-2099)

=

+

(Seneviratne et al. 2006, Nature)
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a) OBS 1976 b) OBS 1994 c) OBS 2003 d) OBS 2005
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Some significant uncertainties remain in the assessment of
land-atmosphere interactions and their representation in climate
models

Land-atmosphere coupling strength (JJA), averaged across AGCMs
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S i

0.11
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Significant range in model
°2~ behaviour...

"= 0.07
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60S 1.030

(Koster et al. 2004, Science)
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(Seneviratne et al. 2006, JHM)
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[gM8=@bservation issues

Can we validate some of the inferred land-atmosphere
coupling relationships directly or indirectly?
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Soil moisture observations Fluxnet stations

Some long-term measurement Good coverage in North America,
networks but many areas without Europe and parts of Asia, but many
observations, and some areas not covered, and few soll
measurements were discontinued moisture measurements
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Global Soil Moisture Data Bank http://www-eosdis.ornl.gov/IFLUXNET/
(Robock et al. 2000, Bull. Am. Met. Soc.)
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Satellite measurements
 Microwave remote sensing
« GRACE (Gravity Recovery and Climate Experiment)
« NDVI (Normalized Difference Vegetation Index)

Atmospheric water-balance estimates A Awosseme  coumned
« (Seneviratne et al. 2004, J. Climate; =

Hirschi et al. 2006, JHM,;
http://lacweb.ethz.ch/data/water_balance/)

Land surface models with obs. input EnKF] et
 Global Soil Wetness Project (GSWP) el
* Global Land Data Assimilation (GLDAS) "

- Land data assimilation with Ensemble Kalman Filter Sz

L ty et

(Reichle et al. 2002, JHM)
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(Seneviratne et al. 2009, in prep)
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What can we learn with these datasets?
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p(P.ET)

Fluxnet data
GSWP data

(Teuling et al. 2009, GRL)
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Trends during the dimming (1958-1982) and brightening (1983-
2006) phases

(Teuling et al. 2009, GRL)
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mSuimmary: Validation

e
~

Models do often not agree wrt to land-atmosphere coupling
characteristics:

— Some general (qualitative) relationships can be derived

— But for more detailed (quantitative) assessments, the models do
show a wide variety of sensitivity

One needs to make better use of existing observations:

— Define new diagnostics for the assessment of climate and land
models

— “Merge” existing observations (land data assimilation)

=> Strong potential of FLUXNET data for such efforts (also
In combination with other observational datasets)
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. Conclusions

Land-atmosphere interactions play a key role within the
climate system:

— Important link between the energy, water and carbon cycles

— Memory component (storage)

— Induce critical thresholds in the climate system

— Relevant for climate variability and extreme events

— Affected by global warming AND key player of climate change

FLUXNET data can play a key role in furthering our understanding
of the relevant processes and reduce model uncertainty
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» Research catchment

» Measurements since 1975 (32-year timeseries)

 Evapotranspiration (lysimeter, water probes for isotope analyses), runoff,
meteorological variables, radiation (since 1994), soil moisture (since 1994)

 Since 2007 part of the Land-Climate Interactions group

» Current plans: Eddy-covariance measurements, enhanced spatial sampling
of soil moisture

 Management of the site: Dr. Irene Lehner; Instrumentation: Karl Schroff

» Overview paper in preparation
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Impact of vegetation cover (example for 2003 heatwave)

August 1, 2000 August 10, 2003
- crops and
pastures
NDVI:
active
vegetation forest

Aster Satellite
(NASA/Japan)

5x5 km view
in Central France

(Zaitchik et al. 2006, Int. J. Clim.)
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SWISSSMEX

SwissSMEX: Swiss Soil Moisture Experiment (2008-2011; SNF)
ETH Zurich, IAC: S.I. Seneviratne (PI), H. Mittelbach, I. Lehner, A.J. Teuling, K. Schroff

Agroscope ART: J. Fuhrer (co-PI), C. Ammann

MeteoSwiss: M. Rotach (co-Pl), Y-A. Roulet
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Kiimaforschung
Der Bodenfeuchte auf den Grund gehen

Wie feucht ein Boden ist, hat grossen Einfluss auf das Regionalklima.
Doch die Klii hat wenig Ah wie gross dieser Beitrag
wirklich ist. Ein neues, dichtes in der wird die
dazu nétigen Daten liefern.

e ¥, Das Testfeld vor Oensingen ist topfeben.

- Ausgedehnte Wiesen bis zum néchsten
Higel am Horizont und zur Autobahn A1,
ein paar Gehdlzstreifen. Die héchsten
Erhebungen im Umkreis von einem
halben Kilometer sind mehrere Erdhaufen,
die auf der Wiese auf blauen Planen
lagern. Drei Tonnen Material, schwerer
lehmiger Gley-Boden aus zwei 1,20 Meter
tiefen Gruben. Alles von Hand

\ s s ausgehoben.
Doktorandin Held| Mittelbach richtet eine
Messstelle eln zur Erfassung von
Bodenfeuchtigkelt und rlcrg\peva[ur, (mehr Blaue Erde
Bilcer) Irene Lehner, Postdoktorandin am Institut
fur Atmosphére und Klima sowie die Doktorandin Heidi Mittelbach stehen in Gruben
und stecken in r assi in den igen Boden. Noch

am Vorabend haben die Forscherinnen ein 100jéhriges Niederschlagsereignis Uber
einem Quadratmeter simuliert, das Wasser blau, mit Lebensmittelfarbe eingefarbt,
um bevorzugte Fliesswege zu erkennen Die Schollen sind noch immer blau, die
Schuhe, und die Hosensdume von Mittelbach ebenso. Dafur erkennt sie nun im
Aushub, wo das Wasser versickert ist, das Bodenprofil sieht aus wie ein
Marmorkuchen. Unter Einsatz ihres Kérpergewichts lasst Mittelbach die Sonden vor
allem in den braunen Stellen verschwinden.

In jeder Grube stecken die Forscherinnen in sechs verschiedenen Tiefen Sonden in
den , um die Jr zu messen oder um den Wassergehalt
festzuhalten. Alle zehn Minuten senden die Sonden Daten an ein
Aufzeichnungsgerat, den Logger, der in einem Gehduse Uber Boden eingebaut ist.
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Land surface models with observation-based forcing

e.g. Global Soil Wetness Project-2 (GSWP-2; http://www.iges.org/gswp/)
Based on several land surface models, for time period 1986-1995

minimum number of gauges used per 2.5 X 2.5 grid cell, over 15 years

Q0N 5.0
Observation-based o[ e
forcing (P, rad, ..) -
| 25
+ EQ 20
Land surface model N i
/ 80s z;
Soil moisture, Oki et al 1999: a minimum of about 30
evapotranspiration, precipitation gauges per 108 km? or about 2
surface temperature gauges per 2.5° x 2.5° GPCP grid cell are

sensible heat flux, ... required for accurate streamflow simulations
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downward
/ﬂ—_\' __-==""" radiation abg\r/;e;?rBL
cloud cover above-ABL

. stability
entrainment ’

L7 A 4
boundary-layer
growth
relative 4
humldlty ———————————— temperature
/ turbulence \ :
\ i
evapotransmratnon PR - sens:ble heat flux
surface .
\ T |
soil moisture soil temperature

(Ek and Holtslag 2004, JHM)
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CAM3 GEOS
—CRB . .
Some differences in
soil moisture
memory can be
HadAM3 ) .
CCCma linked to differences
In water-holding
‘ - capacity...
m ’ v EP

CSIRO
—CC3

NSIPP -

(Seneviratne et al. 2006, JHM)
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HadAM 3
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(Seneviratne et al. 2006, JHM)
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Microwave remote sensing Gravity Recovery and Climate

Issues: experiment

* measurements not possible under
dense vegetation cover

* measures only top few cm of soll
(no information on root zone soill
moisture)

Issues:

e coarse resolution (500-1000km)

* measures whole terrestrial water
storage (soil moisture, groundwater,
snow)

number of SMMR data per month

GRACE twin satellites

(Reichle et al. 2004, JHM)
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CAM3 GEOS
_CRB
S HadAM 3
oL NCEP
CSIRO NSIPP HOEEN |
_CC3 4] 500 1000 1500

(Seneviratne et al. 2006, JHM)
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Basin-Scale Water Balance estlmates

IS http:/fiacweb.ethz.ch/data/water_balance/

-2 —
a— Vi Q ——=—-R @ A (®)
lllinois (1987—-1996) S S N G N sty

60 sl ] L ] wul ] L = — R 7 P S
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T ] i
€ 20+ L
£
5 %07 B
£ i
f-z.o— -

4.0 - -

B e B e L haddad i

IIJSDII.ISDIIJSDUJSDIIJSDIIJSOII.ISDIIJSOIIJSDIJSC
1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
— =% Q =runoff —ATCW
& Terrestriol woter storoge (obs. lllinois) L
41 =
(Seneviratne et al., J. Climate, 2004) ;
_ (Hirschi et al., J. Hydrometeorology, 2006)

Issues:

 coarse resolution (300-1000km), whole terrestrial water storage, no trends
* but retrospective dataset! (whole reanalysis period)
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022 (CTL-CTL yegsonpen NCTL [%] 02;: (SCEN-SCENyncouptepSCEN [%]
100
90 .
20 percentage of T° variance
gg explained by coupling [%]
53 O';(COUPLED) - O-%(UNCOUPLED)
4
30 O-%(COUPLED)
20
10
0
0.36 0.36
0.33 0.33
ol ol land-atmosphere coupling
0.24 0.24 strength parameter
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0.18 0.18
0.15 0.15
(/ ) &t N 0.12 0.12
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« Shift of region of strong soil moisture-T° coupling from the Mediterranean to most
of Central and Eastern Europe in future climate = more temperature variability and

future heatwaves in this region
(Seneviratne et al. 2006, Nature)
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Summary

 The projected enhancement of T° variability in Central
and Eastern Europe is mostly due to changes in land-
atmosphere coupling

 Climate change creates a new hot spot of soil moisture -
T° coupling in Central and Eastern Europe in the future
climate (shift of transitional climate zone)
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e e = Zelodificationsswith climate change

NB: Other modifications are also relevant (e.g. changes in aerosol
concentrations)
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Year (Wild et al. 2005, Science)

(Martin Wild, ETH Zurich)
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(Seneviratne et al. 2006, Nature)
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Precipitation increase in 290% of simulations ﬁ Precipitation decrease — very likely % Precipitation extreme increase — likely

o
Precipitation increase in 266% of simulations {} Precipitation decrease — likely ‘llj Increased drought — likely
Precipitation decrease in 266% of simulations % Precipitation increase — very likely X Less snow — very likely
Precipitation decrease in 290% of simulations " Precipitation increase — likely
(IPCC 2007)
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“Basin-Scale Water Balance” estimates
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llinois (1987-1996)
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(Seneviratne et al., J. Climate, 2004) _ _
(Hirschi et al., J. Hydrometeorology, 2006)
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Albedo anomalies during the 2003 heatwave:

Constrasting feedbacks in the visible and near infrared!

Anomalies in the near Net albedo anomalies

infrared (NIR)

Anomalies in the visible

(Teuling and Seneviratne 2008, GRL)
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Land energy balance Land water balance
Ny Precipitation VQAG
< >
QDQQD Latent P4
v heat Sensible
Net radiation flux heat flux Evapotransplratmn
Surface
runoff
Changes of energy Changes of water content
Ground heat flux Groundwater
runoff
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e Introduction

e Land-climate feedbacks and interactions:

 Impact of soil moisture on temperature and precipitation

e Impact on temperature variability, modifications with climate
change
» Other relevant feedbacks

 Discussion: Using observations to diagnose coupling and
validate models

e Conclusions
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Impact on precipitation (mean and extremes)
Return periods of 5-day summer (JJA) precipitation (Central Europe)

Return Level (mm/day)
Return Level (mm/day)

Return Period (years)

(Seneviratne et al. 2009, in prep.)

11.2.2009 Sonia Seneviratne / IAC ETH Zurich



